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ULTRASONIC OBSERVATION APPARATUS,
METHOD FOR OPERATING ULTRASONIC
OBSERVATION APPARATUS, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2014/079163 filed on Nov.
4, 2014 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2013-252224, filed on
Dec. 5, 2013, incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosure relates to an ultrasonic observation

apparatus for observing tissues of a specimen by use of ultra-
sonic waves, a method for operating the ultrasonic observa-
tion apparatus, and a computer readable recording medium.
[0004] 2. Related Art

[0005] Conventionally, there has been known a diagnosis
technique using past examination results. For example, Japa-
nese Laid-open Patent Publication No. 2008-6169 discloses a
medical image display system for overlapping and displaying
past additional information on a captured image to be diag-
nosed, or overlapping and displaying a past-captured image
and additional information corresponding thereto on a dis-
play means, and then switching and displaying only the cap-
tured image to a latest captured image.

[0006] Japanese Laid-open Patent Publication No. 2005-
323629 discloses a diagnosis support apparatus for detecting
a temporal change in a feature parameter of the same tumor
from a plurality of medical images acquired for the same
patient at different times and correcting a determination result
as to whether the tumor is benign or malignant based on the
temporal change.

SUMMARY

[0007] In accordance with some embodiments, an ultra-
sonic observation apparatus for observing tissues of a speci-
men by use of ultrasonic waves, a method for operating the
ultrasonic observation apparatus, and a computer readable
recording medium are provided.

[0008] In some embodiments, an ultrasonic observation
apparatus includes: an ultrasound probe configured to trans-
mit an ultrasonic wave toward a specimen under examination
and to receive the ultrasonic wave reflected from the speci-
men under examination; a computation unit configured to
extract a feature of the specimen under examination based on
the received ultrasonic wave; a storage unit configured to
store a plurality of pieces of examination data in which a data
set including the feature extracted by the computation unit
and a parameter used for extracting the feature associates with
identification information for identifying the specimen; a data
selection unit configured to select examination data meeting
a predetermined condition among the plurality of pieces of
examination data in an examination carried out in the past for
a specimen whose identification information is identical to
that of the specimen under examination; and an execution
control unit configured to cause the computation unit to re-
extract one of the feature included in the examination data
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selected by the data selection unit and the feature extracted by
the computation unit for the specimen under examination, by
use of the parameter used for extracting the other of the
features.

[0009] In some embodiments, a method for operating an
ultrasonic observation apparatus for transmitting an ultra-
sonic wave toward a specimen under examination and receiv-
ing the ultrasonic wave reflected from the specimen under
examination by an ultrasound probe to generate an image
based on the received ultrasonic wave, is provided. The
method includes: a computation step of extracting, by a com-
putation unit, a feature of the specimen under examination
based on the received ultrasonic wave; a data selection step of
selecting, by a data selection unit, examination data meeting
a predetermined condition among a plurality of pieces of
examination data in an examination carried out in the past for
a specimen whose identification information is identical to
that of the specimen under examination, the plurality of
pieces of examination data indicating that a data set including
the feature extracted by the computation unit and a parameter
used for extracting the feature associates with the identifica-
tion information for identifying the specimen; and an execu-
tion control step of causing, by an execution control unit, the
computation unit to re-extract one of the feature included in
the examination data selected in the data selection step and
the feature extracted in the computation step for the specimen
under examination, by use of the parameter used for extract-
ing the other of the features.

[0010] In some embodiments, a non-transitory computer
readable recording medium with an executable program
stored thereon is provided. The program instructs an ultra-
sonic observation apparatus for transmitting an ultrasonic
wave toward a specimen under examination and receiving the
ultrasonic wave reflected from the specimen under examina-
tion by an ultrasound probe to generate an image based on the
received ultrasonic wave, to execute: a computation step of
extracting, by a computation unit, a feature of the specimen
under examination based on the received ultrasonic wave; a
data selection step of selecting, by a data selection unit,
examination data meeting a predetermined condition among
a plurality of pieces of examination data in an examination
carried out in the past for a specimen whose identification
information is identical to that of the specimen under exami-
nation, the plurality of pieces of examination data indicating
that a data set including the feature extracted by the compu-
tation unit and a parameter used for extracting the feature
associates with the identification information for identifying
the specimen; and an execution control step of causing, by an
execution control unit, the computation unit to re-extract one
of the feature included in the examination data selected in the
data selection step and the feature extracted in the computa-
tion step for the specimen under examination, by use of the
parameter used for extracting the other of the features.
[0011] The above and other features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 11is a block diagram illustrating an exemplary
structure of an ultrasonic observation apparatus according to
a first embodiment of the present invention;
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[0013] FIG. 2 is a schematic diagram illustrating an exem-
plary structure of the ultrasonic observation apparatus
according to the first embodiment of the present invention;
[0014] FIG. 3 is a schematic diagram for explaining a data
structure of examination data stored in an examination data
storage unit illustrated in FIG. 1;

[0015] FIG. 4 is a flowchart illustrating the operations of
the ultrasonic observation apparatus illustrated in FIG. 1;
[0016] FIG. 5 is a schematic diagram illustrating a state in
which an insertion part of an ultrasonic endoscope is inserted
into the body of a patient;

[0017] FIG. 6is a schematic diagram illustrating exemplary
display of a B-mode image;

[0018] FIG. 7is a flowchart illustrating a frequency analy-
sis processing performed by a feature analysis unit illustrated
in FIG. 1;

[0019] FIG. 8is a diagram schematically illustrating a data
arrangement of an acoustic ray;

[0020] FIG. 9 is a diagram illustrating an exemplary fre-
quency spectrum calculated by the feature analysis unit illus-
trated in FIG. 1,

[0021] FIG. 10 is a schematic diagram for explaining a
record data determination method performed by a data selec-
tion unit illustrated in FIG. 1;

[0022] FIG. 11 is a schematic diagram for explaining the
record data determination method performed by the data
selection unit illustrated in FIG. 1;

[0023] FIG. 12 is a schematic diagram illustrating exem-
plary display ofa display screen including a frequency feature
image and the frequency feature;

[0024] FIG.13is aschematic diagram illustrating an exem-
plary screen displayed when determining that past record data
meeting a condition is present;

[0025] FIG. 14 is a schematic diagram illustrating exem-
plary display of a display screen including a B-mode image
and a combined image in which a differential image is over-
lapped on the B-mode image;

[0026] FIG.15is ablock diagram illustrating an exemplary
structure of an ultrasonic observation apparatus according to
a third modification of the first embodiment of the present
invention;

[0027] FIG. 16 is a schematic diagram illustrating another
exemplary display of the display screen including a B-mode
image and a combined image in which a differential image is
overlapped on the B-mode image; and

[0028] FIG. 17 is a schematic diagram for explaining an
attenuation correction method according to a seventh modi-
fication of the first embodiment of the present invention.

DETAILED DESCRIPTION

[0029] Embodiments of an ultrasonic observation appara-
tus, a method for operating the ultrasonic observation appa-
ratus, and a program for operating the ultrasonic observation
apparatus according to the present invention will be described
below in detail with reference to the drawings. The present
invention is not limited to the embodiments. The same refer-
ence signs are used to designate the same elements through-
out the drawings.

First Embodiment

[0030] FIG. 11is a block diagram illustrating an exemplary
structure of an ultrasonic observation apparatus according to
a first embodiment of the present invention. The illustrated
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ultrasonic observation apparatus 1 is an apparatus for observ-
ing a specimen by use of ultrasonic waves. FIG. 2 is a sche-
matic diagram illustrating an exemplary structure of the ultra-
sonic observation apparatus 1.

[0031] The ultrasonic observation apparatus 1 includes an
ultrasound probe 2 for outputting an ultrasonic pulse to the
outside and receiving an ultrasonic echo reflected in the out-
side, a transmitting and receiving unit 3 for transmitting and
receiving an electric signal to/from the ultrasound probe 2, a
computation unit 4 for performing a predetermined compu-
tation processing on an electric echo signal as a converted
ultrasonic echo, an image processing unit 5 for generating
image data corresponding to an electric echo signal as a
converted ultrasonic echo, an input unit 6 for inputting therein
various items of information on the ultrasonic observation
apparatus 1, a display unit 7 realized by use of a liquid crystal
or organic EL display panel and directed for displaying vari-
ous items of information including an image generated by the
image processing unit 5, a storage unit 8 for storing various
items of information such as parameters used for the compu-
tation processing and the image processing on an echo signal
or the results of the processings, a control unit 9 for control-
ling the operations of the ultrasonic observation apparatus 1,
and a sensor unit 10 as a position information acquisition unit
for acquiring relative position information indicating a rela-
tive position relationship of the ultrasound probe 2 relative to
a patient 150.

[0032] Theultrasound probe 2 includes a signal conversion
unit 21 formed of a plurality of ultrasonic transducers for
converting and transmitting an electric pulse signal received
from the transmitting and receiving unit 3 into an ultrasonic
pulse (acoustic pulse signal) and receiving and converting an
ultrasonic echo reflected from a specimen into an electric
echo signal, and a marker unit 22 for sensing a position of the
ultrasound probe 2. The ultrasound probe 2 may be directed
for transmitting ultrasonic waves in a predetermined direction
and scanning a specimen under mechanical control on the
ultrasonic transducers, or may be directed for transmitting
ultrasonic waves in a predetermined direction and scanning a
specimen under electronic control on the ultrasonic transduc-
ers (also referred to as electronic scan).

[0033] As illustrated in FIG. 2, according to the first
embodiment, there will be described an example in which the
present invention is applied to an ultrasonic endoscope 11
which is provided with the ultrasound probe 2 at the tip end of
an insertion part 11a to be inserted into the body of the patient
150 and is directed for observing the inside of the body of the
patient 150 by ultrasonic waves. Of course, the present inven-
tion is applicable to typical external ultrasound probes.
[0034] The marker unit 22 is made of a member detectable
by the sensor unit 10 described later. As in the first embodi-
ment, when the ultrasound probe 2 is inserted into the body of
the patient 150, the marker unit 22 may be made ofa magnetic
field generation member detectable from the outside of the
patient 150, such as permanent magnet or coil for generating
a magnetic field due to a current flow, by way of example.
[0035] The transmitting and receiving unit 3 is electrically
connected to the ultrasound probe 2, and is directed to trans-
mit a pulse signal to the ultrasound probe 2 and to receive an
echo signal from the ultrasound probe 2. More specifically,
the transmitting and receiving unit 3 generates a pulse signal
based on a preset waveform and a transmission timing and
transmits the generated pulse signal to the ultrasound probe 2.
Further, the transmitting and receiving unit 3 performs the
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processings such as amplification and filtering on the received
echo signal to be subjected to A/D conversion, and generates
and outputs a digital RF signal. When the ultrasound probe 2
is of an electronic scan type, the transmitting and receiving
unit 3 has a multi-channel circuit for beam combination cor-
responding to the ultrasonic transducers. In the following, the
digital RF signal generated by the transmitting and receiving
unit 3 will be referred to as acoustic ray data.

[0036] Thecomputation unit 4 extracts the feature from the
acoustic ray data output from the transmitting and receiving
unit 3. In other words, it acquires the feature of the specimen
in an ultrasonic echo reception direction. In the first embodi-
ment, the frequency feature is extracted as an example of the
feature. More specifically, the computation unit 4 according
to the first embodiment includes a frequency analysis unit 41
for performing fast Fourier transformation (FFT) on the
acoustic ray data output from the transmitting and receiving
unit 3 and performing the frequency analysis to calculate a
frequency spectrum, and a feature extraction unit 42 for per-
forming an approximation processing based on regression
analysis and an attenuation correction processing of reducing
acontribution of attenuation caused depending on a reception
depth and a frequency of an ultrasonic wave when the ultra-
sonic wave propagates to extract the feature of the specimen.
[0037] The frequency analysis unit 41 calculates frequency
spectra at a plurality of portions (data positions) on an acous-
tic ray by performing fast Fourier transformation on FFT data
groups made of a predetermined amount of data for each line
of acoustic ray data. Generally, the frequency spectrum indi-
cates a different trend depending on tissue characteristics of
the specimen. This is because the frequency spectrum has a
correlation with a size, a density, an acoustic impedance, and
the like of the specimen as a scattering body for scattering
ultrasonic waves. In the first embodiment, examples of “tis-
sue characteristics” include any of cancer, endocrine tumor,
mucinous tumor, normal tissue, and vascular channel, for
example.

[0038] The feature extraction unit 42 approximates a fre-
quency spectrum by a primary expression (regression line)
based on regression analysis, thereby extracting the feature
before attenuation correction characterizing the approxi-
mated primary expression (which will be called pre-correc-
tion feature). Specifically, the feature extraction unit 42 first
extracts a slope a, and an intercept b, of the primary expres-
sion as the pre-correction features. An approximation unit
124 may calculate an intensity (which is also called Mid-band
fit) of cy=a, f, b, at a center frequency of f, ~+(f, +f,)/2 of a
frequency band (f;<f<f},) as the pre-correction feature other
than the slope a, and the intercept b,,.

[0039] The slope a, among the three features is considered
as having a correlation with a size of the ultrasonic scattering
body and generally having a smaller value of the slope as the
scattering body is larger. The intercept b, has a correlation
with a size of the scattering body, a difference in acoustic
impedance, a density (concentration) of the scattering body,
and the like. Specifically, the intercept b, is considered as
having a larger value as the scattering body is larger, having a
larger value as the acoustic impedance is larger, and having a
larger value as the density (concentration) of the scattering
body is larger. The intensity c, at the center frequency f;,
(which will be simply called “intensity” below) is an indirect
parameter derived from the slope a, and the intercept by, and
gives a spectrum intensity at the center of an effective fre-
quency band. Therefore, the intensity ¢, is considered as
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having a certain correlation with a luminance of a B-mode
image in addition to the size of the scattering body. the dif-
ference in acoustic impedance, and the density of the scatter-
ing body. An approximate polynomial calculated by the fea-
ture extraction unit 42 is not limited to the primary
expression, and approximate polynomials of degree of two or
more may be employed.

[0040] Subsequently. the feature extraction unit 42 per-
forms an attenuation correction processing of reducing a con-
tribution of attenuation caused depending on a reception
depth and a frequency of an ultrasonic, wave when the ultra-
sonic wave propagates. Generally, the ultrasonic attenuation
amount A(f, z) is expressed as:

A(f, )=20zf M

Herein, o. denotes an attenuation rate, z denotes an ultrasonic
reception depth, and f denotes a frequency. As is clear from
Equation (1), the attenuation amount A(f, z) is proportional to
the frequency f. When an object to be observed is a living
body, a specific value of the attenuation rate c is 0.0 to 1.0
(dB/em/MHz), more preferably 0.3 to 0.7 (dB/cm/MHz), that
is, defined depending on a site of the living body. For
example, when an object to be observed 1s the spleen, a=0.6
(dB/cm/MHz) may be defined. According to the first embodi-
ment, a value of the attenuation rate a may be set or changed
by input of the input unit 6.

[0041] The feature extraction unit 42 extracts the feature by
performing the attenuation correction on the pre-correction
feature (slope a,, intercept by, intensity c,) acquired by the,
approximation processing as follows.

a=agt20z @
b=b, 3)
c=Co+20zf3(=afrtb) Q)
[0042] As is clear from Equations (2) and (4), the feature

extraction unit 42 performs the correction such that the cor-
rection amount is larger as the ultrasonic reception depth z
becomes larger. Further, from Equation (3), the correction of
the intercept is identical transformation. This is because the
intercept is a frequency component corresponding to the fre-
quency 0 (Hz) and is not influenced by the attenuation.
[0043] A line corresponding to the corrected feature is
expressed in the following Equation.

T=af+b=(ag+2az)f+b, G

As is clear from Equation (5), the line corresponding to the
corrected feature is larger in the slope than and has the same
intercept as the line corresponding to the pre-correction fea-
ture.

[0044] More preferably, the computation unit 4 is provided
with an amplification correction unit for performing amplifi-
cation correction on the acoustic ray data output by the trans-
mitting and receiving unit 3 such that an amplification rate is
constant irrespective of the reception depth. Herein, gener-
ally, STC (Sensitivity Time Control) correction is made to
uniformly amplify an amplitude of an analog signal wave-
form over the entire frequency band in the transmitting and
receiving unit 3. When a B-mode image using an ultrasonic
amplitude is generated, a sufficient effect can be obtained by
the STC correction, while when an ultrasonic frequency spec-
trum is calculated, an influence caused by the attenuation due
to propagation of the ultrasonic wave cannot be accurately
removed. In order to solve the problem, there is assumed that
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while a reception signal subjected to the STC correction is
output for generating a B-mode image, when an image based
on a frequency spectrum is generated, new transmission dif-
ferent from the transmission for generating the B-mode
image is performed to output a reception signal not subjected
to the STC correction. In this case, however, there is a prob-
lem that a frame rata of image data generated based on the
reception signal lowers. Thus, the amplification rate is cot-
rected on the signal subjected to the STC correction for the
B-mode image in front of the frequency analysis unit 41 in
order to once remove an influence of the STC correction
while keeping the frame rate of the generated image data.
[0045] The image processing unit 5 includes a B-mode
image data generation unit 51 for generating B-mode image
data directed for converting an amplitude of acoustic ray data
into luminance for display, a feature image data generation
unit 52 for generating feature image data directed for con-
verting the feature extracted from acoustic ray data into lumi-
nance for display, a comparative image data generation unit
53 for generating differential image data indicating a differ-
ence from the image data stored for a past examination of the
same patient, and a display image data generation unit 54 for
creating image data for display by use of the image data
generated in each unit.

[0046] The B-mode image data generation unit 51 gener-
ates B-mode image data by performing a signal processing
using a well-known technique such as bandpass filter, loga-
rithmic conversion, gain processing and contrast processing
on a digital RF signal (acoustic ray data) and by decimating
data depending on a data step width defined depending on an
image display range in the display unit 7.

[0047] According to the first embodiment, the feature
image data generation unit 52 converts the frequency feature
extracted by the feature extraction unit 42 into a pixel value to
generate feature image data. Information allocated to each
pixel in the featre image data is defined depending on the
data amount in an FFT data group when the frequency analy-
sis unit 41 calculates a frequency spectrum. Specifically,
information corresponding to the feature of a frequency spec-
trum calculated from one FFT data group is allocated to a
pixel region corresponding to the data amount ofthe FFT data
group, for example. According to the first embodiment, the
number of features used for generating the feature image data
can be arbitrarily set.

[0048] The comparative image data generation unit 53 cal-
culates a difference between the feature image data based on
the feature extracted at a real-time (latest) observation point
and the feature image data included in the data selected by a
data selection unit 92 (that is, the feature image data at a past
observation point identical or close to the latest observation
point) to generate differential image data.

[0049] Thedisplay image data generation unit 54 generates
the image data indicating a graph or table for comparing the
feature extracted at a real-time (latest) observation point with
the feature included in the data selected by the data selection
unit 92, or combined image data using the B-mode image data
and the differential image data, and creates image data for
displaying the screen based on the image data on the display
unit 7.

[0050] The input unit 6 is realized by use of an interface
such as keyboard, mouse, touch panel, or card reader, and
inputs a signal depending on an operation externally per-
formed by the operator or the like into the control unit 9.
Specifically, the input unit 6 receives patient identification
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information for specifying the patient 150, a region-of-inter-
est setting instruction, instructions to start various operations,
and the like, and inputs the signals indicating the information
or instructions into the control unit 9. Herein, the region of
interest is a region in an image designated by the operator of
the ultrasonic observation apparatus 1 via the input unit 6 for
the B-mode image displayed on the display unit 7.

[0051] The storage unit 8 is realized by a ROM for previ-
ously storing therein a program for operating the ultrasonic
observation apparatus 1 according to the first embodiment, a
program for activating the predetermined OS, and the like, a
RAM for storing parameters, data, and the like used for each
processing, or the like. More specifically, the storage unit 8
includes a window function storage unit 81 for storing therein
window functions used for the frequency analysis processing
performed by the frequency analysis unit 41, and an exami-
nation data storage unit 82 for storing therein examination
data including frequency analysis results per observation
point where the observation is made.

[0052] The window function storage unit 81 stores at least
one window function among the window functions such as
Hamming, Hanning, and Blackman.

[0053] FIG. 3 is a schematic diagram for explaining a data
structure of examination data stored in the examination data
storage unit 82. In FIG. 3, organs in the patient 150 (esopha-
gus 151, stomach 152, liver 153, spleen 154) are displayed in
association with the record data at the observation points P1
to P4 where the ultrasonic observation is made in the organs.
[0054] As illustrated in FIG. 3, the examination data stor-
age unit 82 stores patient identification information (such as
patient ID and patient name) for specifying the patient 150,
examination identification information (such as examination
ID and examination time and date) for specifying an exami-
nation, and record data D(P1) to D(P4) created per observa-
tion point P1 to P4 for each examination made on the patient
150. Each of the record data D(P1) to D(P4) is a data set
including position information on the observation points P1
to P4, image data generated by the image processing unit 5 for
the observation points P1 to P4, the feature (such as the
frequency feature) acquired by the computation unit for the
observation points P1 to P4, computation parameters used for
acquiring the feature, image processing parameters used for
generating the image data, comparison results with the fea-
tures of past examinations, and the like. The image data
among them includes B-mode image data, feature image data,
or differential image data. Further, the computation param-
eters include a size and position of a region of interest for
extracting the feature, an attenuation correction coefficient, a
frequency spectrum approximation method, a window func-
tion, and the like. The image processing parameters include
gain for generating the B-mode image and the feature image,
contrast, y-correction coefficient, and the like.

[0055] The control unit 9 includes a region-of-interest set-
ting unit 91 for setting a region of interest for the B-mode
image according to a region-of-interest setting instruction
input from the input unit 6, the data selection unit 92 for
acquiring information meeting a predetermined condition
from the storage unit 8 based on the relative position infor-
mation of the ultrasound probe 2 relative to the patient 150, a
position information calculation unit 93 for calculating a
relative position coordinate of the ultrasound probe 2 relative
to the patient 150 based on the information output from the
sensor unit 10, an execution control unit 94 for controlling to
execute the computation processing in the computation unit 4
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and the image processing in the image processing unit 5, and
adisplay control unit 95 for controlling a display operation in
the display unit 7.

[0056] The data selection unit 92 searches the examination
data stored in the storage unit 8 based on the relative position
coordinate of the ultrasound probe 2 calculated by the posi-
tion information calculation unit 93 thereby to select data on
an observation point identical or close to the latest observa-
tion point acquired for the examination past made on the same
patient as the patient 150 to be examined.

[0057] The position information calculation unit 93 calcu-
lates a position coordinate of the patient 150 based on infor-
mation output from a patient position information acquisition
unit 101 and stores it as reference position information in the
storage unit §, calculates a position coordinate of the ultra-
sound probe 2 based on information output from a probe
position information acquisition unit 102, and converts the
position coordinate of the ultrasound probe 2 into a relative
position coordinate relative to the patient 150 based on the
reference position information. Then, the relative position
coordinate is stored as the position information on the obser-
vation point in the storage unit 8 in association with the data
on the site under observation.

[0058] The sensor unit 10 includes the patient position
information acquisition unit 101 for acquiring a position or
posture of the patient 150, and the probe position information
acquisition unit 102 for acquiring a position or posture of the
ultrasound probe 2.

[0059] As illustrated in FIG. 2, the patient position infor-
mation acquisition unit 101 includes, for example, two opti-
cal cameras 101a and reference markers 1015 mounted on the
body surface of the patient 150. The reference marker 1015
employs an object easily detectable in an image captured by
the optical camera 1014, such as conspicuously-colored ball
or disk. The reference markers 1015 are arranged on at least
three positions on the body surface of the patient 150. The two
optical cameras 1014 are arranged where the reference mark-
ers 1016 are within each field of view and the reference
markers 1015 can be captured in mutually different direc-
tions.

[0060] Each optical camera 101a outputs image data gen-
erated by capturing the reference markers 1015. Accordingly,
the position information calculation unit 93 detects the posi-
tions of the reference markers 1015 from each of the two
images capturing the reference markers 1014 therein, and
measures the position of each reference marker 1015 with a
well-known stereovision method. The thus-acquired position
information on at least three reference markers 1015 is stored
as position information (reference position information) of
the patient 150 for the examination in the storage unit 8.
[0061] The structure of the patient position information
acquisition unit 101 is not limited to the structure including
the optical cameras 101a and the reference markers 1014. For
example, the patient position information acquisitionunit 101
may include at least three reference markers made of magnet
and a plurality of magnetic sensors for detecting magnetic
fields generated from the reference markers at mutually dif-
ferent positions, for example.

[0062] The probe position information acquisition unit 102
is configured depending on the marker unit 22 provided on the
ultrasound probe 2. For example, if the marker unit 22 is
formed of a permanent magnet or coil, the probe position
information acquisition unit 102 includes a plurality of mag-
netic sensors. In this case, the probe position information
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acquisition unit 102 detects a magnetic field generated from
the markerunit 22 and outputs a detection signal indicating an
intensity of the magnetic field. Accordingly the position
information calculation unit 93 calculates a position coordi-
nate of the marker unit 22. Further, the position information
calculation unit 93 converts the position coordinate of the
marker unit 22 into a relative position coordinate based on the
reference position information, and outputs it as relative posi-
tion information on the ultrasound probe 2 at that point of
time.

[0063] The sensor unit 10 and the position information
calculation unit 93 constitutes a relative position information
acquisition unit for acquiring relative position information
indicating a relative position of the ultrasound probe 2 relative
to the patient 150.

[0064] The components other than the ultrasound probe 2
and the sensor unit 10 in the ultrasonic observation apparatus
1 having the above functional structure are realized by use of
a computer la including the CPU with the computation and
control functions. The CPU provided in the ultrasonic obset-
vation apparatus 1 reads the information and various pro-
grams including the program for operating the ultrasonic
observation apparatus 1 stored and saved in the storage unit 8
from the storage unit 8 to perform the computation processing
associated with the method for operating the ultrasonic obser-
vation apparatus 1 according to the first embodiment.

[0065] The program for operating the ultrasonic observa-
tion apparatus according to the first embodiment may be
recorded in a computer readable recording medium such as
hard disk, flash memory, CD-ROM, DVD-ROM, or flexible
disk to be widely distributed.

[0066] The operations of the ultrasonic observation appa-
ratus 1 will be described below. FIG. 4 is a flowchart illus-
trating the operations of the ultrasonic observation apparatus
1.

[0067] At first,in step S10, the ultrasonic observation appa-
ratus 1 acquires the reference position information indicating
a position of the patient 150. That is, as illustrated in FIG. 2,
at least three reference markers 1015 are captured by the two
optical cameras 101a, and the positions of the reference
markers 1015 are measured based on the thus-acquired
images to assume the measurement result as the reference
position information. At least three reference markers 1015
are employed so that a plan passing through the predeter-
mined positions on the body surface of the patient 150 can be
set as a reference surface.

[0068] In subsequent step S11, the ultrasonic observation
apparatus 1 acquires the patient identification information
including patient 1D, patient name, date of birth, sex, and the
like. The ultrasonic observation apparatus 1 acquires the
patient identification information according to the input
operations performed on the input unit 6. Specifically, the
patient identification information can be acquired according
to text input via the keyboard or predetermined mouse opera-
tions. Alternatively, the patient identification information
may be acquired by reading a barcode described on the medi-
cal record of the patient by a barcode reader. Further, the
patient identification information may be acquired via a net-
work server. Thereafter, as illustrated in FIG. 5, the insertion
part 1la of the ultrasonic endoscope 11 is inserted into the
patient 150.

[0069] Instep S12, when a freeze releasing instruction sig-
nal is input from the input unit 6 (step S12: Yes), the ultrasonic
observation apparatus 1 starts measuring the position infor-
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mation of the ultrasound probe 2 (step S13). That is, the probe
position information acquisition unit 102 starts operating
under control of the control unit 9, and accordingly the posi-
tion information calculation unit 93 acquires a detection sig-
nal output from the probe position information acquisition
unit 102 to calculate a position coordinate of the marker unit
22, and calculates the relative position information of the
ultrasound probe 2 relative to the patient 150 based on the
reference position information.

[0070] On the other hand, when a freeze releasing instruc-
tion signal is not input (step S12: No), the ultrasonic obser-
vation apparatus 1 terminates the operation.

[0071] In step S14 subsequent to step S13, the ultrasonic
observation apparatus 1 measures a novel specimen by the
ultrasound probe 2. That is, an ultrasonic pulse is transmitted
from the ultrasound probe 2 toward the specimen, and an
ultrasonic echo reflected from the specimen is received and
the ultrasonic echo is converted into an electric signal, and
then into a digital signal to acquire acoustic ray data.

[0072] In subsequent step S15, the B-mode image data
generation unit 51 generates B-mode image data based on the
acoustic ray data acquired in step S14. The B-mode image is
a gray scale image in which the values of R(red), G(green),
and B(blue), as variables when the RGB display color system
is employed as a color space, are matched.

[0073] At thistime, when a region of interest is not set (step
S16: No), the control unit 9 controls to display the B-mode
image on the display unit 7 based on the B-mode image data
generated by the B-mode image data generation unit 51 (step
S17). FIG. 6 is a schematic diagram illustrating exemplary
display of the B-mode image. A display screen 200 illustrated
in FIG. 6 includes an information display region 201 for the
patient identification information such as ID, name, and sex,
and an image display region 202. The image display region
202 displays therein a B-mode image 203 based on the ultra-
sonic echo received by the ultrasound probe 2.

[0074] Thereafter, when a data recording instruction signal
is input from the input unit 6 (step S18: Yes), the control unit
9 stores the relative position information of the ultrasound
probe2 at this time as position information on the observation
point in the examination data storage unit 82 as one data set
together with the B-mode image data and the image process-
ing parameters used for generating the B-mode image (step
S19). Thereafter, the operation of the ultrasonic observation
apparatus 1 proceeds to step S20. On the other hand, when a
data recording instruction signal is not input (step S18: No),
the operation of the ultrasonic observation apparatus 1 pro-
ceeds to step S20.

[0075] Instep S20, when an operation terminating instruc-
tion is input by the input unit 6 (step S20: Yes), the ultrasonic
observation apparatus 1 terminates the operation. To the con-
trary, when an operation terminating instruction is not input
by the input unit 6 (step S20: No), the operation of the ultra-
sonic observation apparatus 1 returns to step S13.

[0076] On the other hand, in step S16, when a region of
interest is set via the input unit 6 (step S16: Yes), the compu-
tation unit 4 performs the feature analysis on the acoustic ray
data acquired in step S14 (step S21). According to the first
embodiment, as one example of the feature analysis, the
frequency analysis unit41 performs the frequency analysis by
the FFT computation to calculate a frequency spectrum. In
the frequency analysis, the entire region of the image may be
set as a region of interest.
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[0077] FIG. 7is a flowchart illustrating the feature analysis
processing (frequency analysis processing).

[0078] At first, the frequency analysis unit 41 sets a counter
k for identifying an acoustic ray to be analyzed as k, (step
S211).

[0079] Subsequently. the frequency analysis unit 41 sets an
initial value Z®, of a representative data position (corre-
sponding to reception depth) Z® of a series of data groups
(FFT data groups) acquired for the FFT computation (step
S212). FIG. 8 is a diagram schematically illustrating a data
arrangement of one acoustic ray. For the illustrated acoustic
ray SR, a white or black rectangle indicates one item of data.
The acoustic ray SR, is discrete at time intervals correspond-
ing to a sampling frequency (such as 50 MHz) for A/D con-
version performed by the transmitting and receiving unit 3.
FIG. 8 illustrates a case in which the first data position of the
acousticray SR, is set at the initial value 2, but the position
of the initial value may be arbitrarily set.

[0080] Thereafter, the frequency analysis unit 41 acquires
an FFT data group of the data position Z* (step $213), and
applies the window function stored in the window function
storage unit 81 to the acquired FFT data group (step S214).
The window function is operated on the FFT data group in
this way, thereby avoiding a discontinuous border of the FFT
data group and preventing artifacts from occurring.

[0081] Subsequently. the frequency analysis unit 41 deter-
mines whether the FFT data group of the data position Z® is
anormal data group (step S215). Herein, the FFT data group
needs to have a data number with a power of 2. In the follow-
ing, the data number of an FFT data group is assumed as 2" (n
is a positive integer). The fact that an FFT data group is
normal indicates that the data position Z* is the 2"~'-th
position from the head of the FFT data group. In other words,
the fact that an FFT data group is normal indicates that 2~ -1
(=N) items of data are present ahead of the data position Z®
and 2"~}(=M) items of data are present behind the data posi-
tion Z®. In the case illustrated in F1G. 8, the FF'T data groups
F, and F; are both normal. FIG. 8 illustrates the case with
n=4(N=7, M=8) by way of example.

[0082] As a determination result in step S215, when the
FFT data group of the data position Z%® is normal (step S215:
Yes), the frequency analysis unit 41 proceeds to step S217
described below.

[0083] As a determination result in step S215, when the
FFT data group of the data position Z® is not normal (step
S215: No), the frequency analysis unit 41 inserts zero data
corresponding to the shortfall to generate a normal FFT data
group (step S216). The FFT data group determined as not
normal in step S215 is subjected to the window function
before the zero data is added. Therefore, even if the zero data
is inserted into the FFT data group, discontinuous data does
not occur. After step S216, the frequency analysis unit 41
proceeds to step S217 described below.

[0084] In step S217, the frequency analysis unit 41 per-
forms FFT computation using the FFT data group to acquire
afrequency spectrum made of a complex number (step S217).
Consequently, a spectrum C, as illustrated in FIG. 9 is
acquired, for example.

[0085] Subsequently. the frequency analysis unit 41
changes the data position Z® by a step width D (step S218).
The step width D is assumed to be previously stored in the
storage unit 8. FIG. 8 illustrates the case with D=15 by way of
example. It is desirable that the step width D matches with a
data step width used by the B-mode image data generation
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unit 51 for generating B-mode image data, but when the
computation amount in the frequency analysis unit 41 is
desired to reduce, the data step width D may be set at a larger
value than the data step width.

[0086] Thereafter, the frequency analysis unit 41 deter-
mines whether the data position Z* is larger than the maxi-
mum value Z#®, __in the acoustic ray SR, (step S219). When
the data position Z*® is larger than the maximum value Z® .
(step S219: Yes), the frequency analysis unit 41 increments
the counter k by 1 (step S220). On the other hand, when the
data position Z* is equal to or smaller than the maximum
value Z® (step S219: No), the frequency analysis unit 41
returns to step S213. In this way, the frequency analysis unit
41 performs the FFT computation on the [{(Z®,,,~Z® )/
D}+1]FFT data groups in the acoustic ray SR,. Herein, [X]
denotes a maximum integer not exceeding X.

[0087] After step S220, the frequency analysis unit 41
determines whether the counter k is larger than the maximum
valuek,,,. (step S221). When the counter k is larger than the
maximum valuek,,, (step S221: Yes), the frequency analysis
unit 41 terminates a series of FF'T computations. On the other
hand, when the counter k is equal to or smaller than k.. (step
S221: No), the frequency analysis unit 41 returns to step
S212.
[0088]
the FFT computation several times on each of (k
acoustic rays.

[0089] Herein, the frequency analysis processing is per-
formed only within the region of interest in response to the
previously-input setting of the specific region of interest by
the input unit 6, but the frequency analysis processing may be
performed on all the regions in which the frequency analysis
unit 41 receives an ultrasonic signal.

[0090] Instep S22 subsequent to step S21, the computation
unit 4 extracts the feature from the acoustic ray data based on
the result of the feature analysis. According to the first
embodiment, the feature extraction unit 42 performs the
regression analysis on P frequency spectra calculated by the
frequency analysis unit 41 and further performs the attenua-
tion correction to extract the feature. Specifically, the feature
extraction unit 42 calculates a primary expression for
approximating a frequency spectrum with a frequency band
of f; ,p<f<f;;5 by the regression analysis to calculate three
pre-correction features a, by, and c,. The line L, indicated in
FIG. 9 is a pre-correction regression line acquired in the
processing.

[0091] The feature extraction unit 42 further substitutes the
value of the data position Z%* into the reception depth z in
Equations (2) to (4) to calculate the slope a, the intercept b,
and the intensity ¢ as the corrected features. The line L'
indicated in FIG. 9 is a regression line acquired in step S22.
[0092] In subsequent step S23, the image processing unit 5
generates feature image data based on the feature extracted in
step S22. According to the first embodiment, the feature
image data generation unit 52 generates the feature image
data based on the frequency feature extracted in step S22.
Specifically, the feature image data is gray scale image data in
which the intercept b is uniformly allocated to R(red),
G(green), and B(blue) of each pixel in the region of interest
ROI set for the B-mode image. Alternatively, the slope a, the
intercept b, and the intensity ¢ may be allocated to R(red),
G(green), and B(blue) of each pixel in the region of interest
ROI, respectively, thereby to generate color feature image
data. Alternatively, color image data in which the slope a, the

In this way, the frequency analysis unit 41 performs
—ko+1)
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intercept b and the intensity ¢ are allocated to R(red),
G(green), and B(blue) of each pixel in the region of interest
(ROD), respectively, and the B-mode image data may be
mixed at a predetermined ratio thereby to generate feature
image data.

[0093] In step S24, the data selection unit 92 determines
whether record data meeting the following condition is stored
in the examination data storage unit 82. At first, the data
selection unit 92 searches the examination data of the exami-
nations past made on the same patient as the patient 150 under
examination based on the patient identification information.
At this time, when a plurality of examinations past made on
the patient 150 are present, an examination with the latest date
is selected.

[0094] Subsequently. the data selection unit 92 selects
record data in which the position information is closest to the
current relative position information of the ultrasound probe
2 based on the current relative position information of the
ultrasound probe 2 with reference to the position information
of each item of record data included in the selected examina-
tion data. For example, when the record data D(P1) to D(P4)
for the observation points P1 to P4 is stored in the past
examination data as illustrated in FIG. 3, if the ultrasound
probe 2 is located on the upper part of the esophagus 151 as
illustrated in FIG. §, the position of the observation point P1
is closest to the ultrasound probe 2 and thus the record data
D(P1) is selected.

[0095] Further, the data selection unit 92 determines
whether the ultrasound probe 2 is included within a display
determination range in the selected record data. The display
determination range is a region within a predetermined dis-
tance from an observation point, and is set for each observa-
tion point where data is recorded. For example, as illustrated
in FIG. 10 and FIG. 11, the display determination ranges R1
to R4 are set for the observation points P1 to P4, respectively.
[0096] Herein, when the ultrasound probe 2 is present at the
position illustrated in FIG. 10, the closest observation point to
the ultrasound probe 2 is the observation point P3. At this
time, however, the ultrasound probe 2 is not included within
the display determination range R3 of the observation point
P3. In this case, the data selection unit 92 determines that
record data meeting the condition is not present (step S24:
No).

[0097] On the other hand, when the ultrasound probe 2 is
present at the position indicated in FIG. 11, the closest obser-
vation point to the ultrasound probe 2 is the observation point
P3 and the ultrasound probe 2 is included within the display
determination range R3 of the observation point P3. In this
case, the data selection unit 92 determines that record data
meeting the condition is present (step S24: Yes).

[0098] 1In step S24, when it is determined that past record
data meeting the condition is not present (step S24: No), the
ultrasonic observation apparatus 1 generates and displays a
display screen including the feature image and the feature on
the display unit 7 under control of the execution control unit
94 (step S25). Specifically, the display image data generation
unit 54 generates the image data for the display screen includ-
ing the frequency feature image based on the feature image
data generated in step S23 and the frequency feature extracted
in step S22, and the control unit 9 causes the display unit 7 to
display the display screen based on the image data.

[0099] FIG. 12 is aschematic diagram illustrating an exem-
plary display screen displayed in step S25. A display screen
210 illustrated in FIG. 12 includes an information display
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region 211 displaying therein the patient identification infor-
mation such as ID, name and sex, the information on the
extracted frequency feature, the ultrasound image quality
information such as gain and contrast, and the like, a first
image display region 212, and a second image display region
213. The information on the feature may be displayed by use
of an average or standard deviation of the frequency spectrum
features of the FFT data groups positioned within the region
of interest in addition to the features (slope a, intercept b, and
intensity c¢).

[0100] The first image display region 212 displays therein
the B-mode image 203 based on the B-mode image data
generated in step S15. On the other hand, the second image
display region 213 displays therein a frequency feature image
214 based on the feature image data generated in step S23. In
this way, the B-mode image 203 and the frequency feature
image 214 are displayed side by side so that the operator can
accurately grasp the tissue characteristics in the region of
interest.

[0101] In step S25, the B-mode image 203 and the fre-
quency feature image 214 do not necessarily need to be dis-
played side by side, and only the frequency feature image 214
may be displayed, for example.

[0102] In subsequent step S18, when a data recording
instruction signal is input (step S18: Yes), the relative position
information of the ultrasound probe 2 (or the position infor-
mation on the observation point), the B-mode image data, the
feature image data, the frequency feature, the computation
parameters used for the feature analysis, and the image pro-
cessing parameters used for generating the B-mode image
data and the feature image data are stored as one data set in the
examination data storage unit 82 (step S19). Subsequent step
S20 is as described above.

[0103] On theotherhand, in step S24, when it is determined
that past record data meeting the condition is present (step
S24: Yes), the ultrasonic observation apparatus 1 selects and
acquires the past record data and displays a screen including
the past B-mode image based on the B-mode image data
included in the record data and the B-mode image under
real-time observation on the display unit 7 under control of
the execution control unit 94 (step S26). The operator is
notified of the fact that past record data meeting the condition
is present, via the screen display, and the operator can recog-
nize that an observation point capable of being compared with
the past data is present near the current observation point.
That is, according to the first embodiment, the display unit 7
also functions as a notification unit for giving notice to the
operator the fact that past record data meeting the condition is
present.

[0104] FIG. 13 is a schematic diagram illustrating exem-
plary display of a screen in step S26. In a display screen 220
illustrated in FIG. 13, the information display region 211
displays therein information (such as examination date) for
specifying an examination for which the past record data
meeting the condition is acquired in addition to the patient
identification information such as ID, name and sex.

[0105] The firstimage display region 212 displays therein a
B-mode image 222 based on the B-mode image data included
in the selected past record data. On the other hand, the second
image display region 213 displays therein a real-time B-mode
image 203 based on the B-mode image data generated in step
S15. At this time, the image processing unit 5 acquires the
image processing parameters (such as gain, contrast and y
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correction coefficient) from the past record data, and may
regenerate the real-time B-mode image by use of the image
processing parameters.

[0106] The operator adjusts the position of the ultrasound
probe 2 with reference to the past B-mode image 222 dis-
played on the display screen 220, thereby matching the speci-
men captured in the B-more image 203 under real-time obser-
vation with the specimen captured in the past B-mode image
222. Accordingly, the past B-mode image 222 and the real-
time B-mode image 203 can be accurately compared with
each other.

[0107] InstepS27,the execution control unit 94 determines
whether an image freezing instruction signal is input from the
input unit 6. When an image freezing instruction signal is not
input (step S27: No), the operation of the ultrasonic observa-
tion apparatus 1 proceeds to step S18.

[0108] On the other hand, when an image freezing instruc-
tion signal is input (step S27: Yes), the execution control unit
94 acquires the computation parameters and the image pro-
cessing parameters from the selected past examination data
with the instruction signal as a trigger (step S28), and causes
the computation unit 4 and the image processing unit 5 to
re-perform the processings on the acoustic ray data acquired
in step S14 by use of the parameters (steps S29 to S31).
[0109] Specifically, in step S29, the frequency analysis unit
41 performs the feature analysis again on the acoustic ray data
acquired in step S14 by use of the computation parameters
acquired in step S28. The details of the feature analysis pro-
cessing are the same as those in step S21.

[0110] TInstep S30, the feature extraction unit 42 re-extracts
the feature from the acoustic ray data based on the analysis
result acquired in the re-made feature analysis. The feature
extraction processing is the same as that in step S22.

[0111] Instep S31, the image processing unit 5 regenerates
the feature image data based on the feature re-extracted in
step S30 by use of the image processing parameters acquired
in step S28. The feature image data generation processing is
the same as that in step S23. At this time, the image processing
unit 5 may regenerate the B-mode image data by use of the
image processing parameters.

[0112] In subsequent step S32, the comparative image data
generation unit 53 acquires past feature image data from the
selected past record data, and generates differential image
data between the past feature image data and the feature
image data regenerated in step S31. The differential image
data indicates a temporal change between the past examina-
tion of the specimen and the latest examination at the obser-
vation point.

[0113] In step S33, the display image data generation unit
54 generates image data of a graph or table indicating a
comparison between the past feature (the frequency feature in
the first embodiment) included in the selected past record data
and the latest feature (same as above) re-extracted in step S30.
[0114] In step S34, the ultrasonic observation apparatus 1
generates and displays a display screen including the differ-
ential image based on the differential image data generated in
step S32 and the graph or table generated in step S33 on the
display unit 7.

[0115] FIG. 14 is a schematic diagram illustrating exem-
plary display of the display screen generated in step S34. Ina
display screen 230 illustrated in FIG. 14, the information
display region 211 displays therein a graph 231 indicating a
comparison between the frequency feature extracted in the
past examination and the frequency feature extracted in the
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latest examination in addition to the patient identification
information and the ultrasound image quality information. A
table indicating a comparison between the frequency features
in text may be displayed instead of the graph 231.

[0116] The first image display region 212 displays therein
the B-mode image 203 based on the B-mode image data
generated in step S15. When the B-mode image data is also
regenerated in step S31, the B-mode image based on the
regenerated B-mode image data is displayed. On the other
hand, the second image display region 213 displays therein a
combined image 232 in which the B-mode image data and the
differential image data generated in step S32 are mixed at a
predetermined ratio. Alternatively, there may be generated a
combined image in which the region of interest ROI set for the
B-mode image is replaced with the differential image. The
operator can directly and accurately grasp a temporal change
in the specimen in the region of interest ROI with reference to
the display screen 230.

[0117] In subsequent step S18, when a data recording
instruction signal is input (step S18: Yes), the relative position
information of the ultrasound probe 2 (or the position infor-
mation on the observation point), the B-mode image data, the
regenerated feature image data, the differential image data,
the re-extracted frequency feature, the comparison result
(graph or table) of the frequency feature, the computation
parameters used for re-executing the feature analysis, and the
image processing parameters used for regenerating the
B-mode image data and the feature image data are stored as
onedata set in the examination data storage unit 82 (step S19).
Subsequent step S20 is as described above.

[0118] As described above, according to the first embodi-
ment, when the observation is made at an observation point
identical or close to the observation point where data is
recorded in a past examination, the frequency analysis is
made, the feature is extracted, and the image is generated by
use of the same parameters as those in the past examination,
and thus the features and the images of the specimen at the
observation point can be accurately compared between the
past examination and the latest examination. The screen indi-
cating a comparison between the features or the images is
displayed so that the user can directly grasp a temporal
change in the feature of the specimen between the past exami-
nation and the latest examination.

[0119] First Modification

[0120] A first modification of the first embodiment will be
described below.

[0121] In the first embodiment, the parameters used for a
past examination are used to perform the processings on
acoustic ray data acquired in real-time (refer to steps S29 to
S31). However, to the contrary, past record data may be
re-processed by use of the parameters used for the real-time
processings (refer to steps S21 to S23). Also in this case, the
feature analysis and the image processing are performed on
the past data and the latest data by use of the same parameters,
and thus both of them can be accurately compared.

[0122] Second Modification

[0123] A second modification of the first embodiment of
the present invention will be described below.

[0124] In the first embodiment, an instruction signal input
from the input unit 6 is used as a trigger (refer to step S27) to
perform the feature analysis again (refer to step S29) and to
regenerate the feature image (refer to step S31). However,
there may be configured such that when it is determined that
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past record data meeting the condition is present (refer to step
S24), the re-processings are automatically started.

[0125] Third Modification

[0126] A third modification of the first embodiment of the
present invention will be described below.

[0127] In the first embodiment, when it is determined that
past record data meeting the condition is present (refer to step
S24), the B-mode image at the past point of time and the
B-mode image displayed in real-time are displayed on the
display unit 7 to give notice that the past record data is present
to the operator. However, the notification method is not lim-
ited thereto, and for example, a message that “past record data
is present near ultrasound probe” may be displayed in text on
the display unit 7, or a similar message may be issued by
voice, or a notification sound may be issued. When the noti-
fication is made by voice or notification sound, a speaker 302
for issuing voice or notification sound under control of the
control unit 9 may be provided as a notification unit as in an
ultrasonic observation apparatus 301 illustrated in FIG. 15.
[0128] In this way, if the notification is made by text mes-
sage, voice or the like, the execution control unit 94 causes the
display unit 7 to display the screen including the past B-mode
image and the real-time B-mode image (see FIG. 13) when an
instruction signal for displaying the past B-mode image is
input from the input unit 6. Accordingly, the operator can
match the specimen captured in the real-time B-mode image
with the specimen captured in the past B-mode image with
reference to the past B-mode image at a desired timing.
[0129] Fourth Modification

[0130] A fourth modification of the first embodiment of the
present invention will be described below.

[0131] The way to display a comparison result between the
feature of past record data and the feature calculated for the
latest examination or a differential image is not limited to the
display screen 230 illustrated in FIG. 14, and various ways to
display may be employed. For example, the feature image
based on the feature in past record data and the feature image
based on the re-extracted feature may be displayed side by
side. Alternatively, the B-mode image in past record data and
the real-time B-mode image regenerated by use of the image
processing parameters in the past record data may be dis-
played side by side.

[0132] As another example, as illustrated in FIG. 16, three
images may be displayed side by side. A display screen 240
illustrated in FIG. 16 includes the graph 231 indicating a
comparison of the patient identification information, the
ultrasound image quality information, and the frequency fea-
ture, and three image display regions 241 to 243.

[0133] The first image display region 241 displays therein
the B-mode image 203 based on the B-mode image data
generated in step S15. The second image display region 242
displays therein the frequency feature image 214 based on the
feature image data generated in step S23. Further, the third
image display region 243 displays therein the combined
image 232 in which the differential image is overlapped on
the B-mode image.

[0134] Fifth Modification

[0135] A fifth modification of the first embodiment of the
present invention will be described below.

[0136] When the present invention is applied to an external
ultrasound probe, various structures can be applied to the
probe position information acquisition unit 102 in addition to
a magnetic sensor. For example, the probe position informa-
tion acquisition unit 102 may include two optical cameras to
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detecta position or posture (angle relative to the patient, or the
like) of the ultrasound probe based on the images capturing
the ultrasound probe therein. In this case, the patient position
information acquisition unit 101 and the probe position infor-
mation acquisition unit 102 may be formed of a common
optical camera. Alternatively, a gravity sensor may be pro-
vided for the ultrasound probe to detect a posture of the

ultrasound probe.
[0137] Sixth Modification
[0138] A sixth modification of the first embodiment of the

present invention will be described below.

[0139] When extracting the frequency feature in step S22 or
S30 indicated in FIG. 4, the attenuation correction may be
made prior to the regression analysis of a frequency spectrum.
[0140] FIG. 17 is a schematic diagram for explaining the
attenuation correction method according to the seventh modi-
fication. When the frequency spectrum curve C, indicated in
FIG. 17 is acquired in step S21 or S29, for example, the
feature extraction unit 42 corrects all the frequencies f'to add
the attenuation amount A in Equation (1) to the intensity I,
thereby acquiring a new frequency spectrum curve C,'. It is
therefore possible to acquire a frequency spectrum with a
reduced contribution of attenuation associated with propaga-
tion of an ultrasonic wave.

[0141] Thereafter, the feature extraction unit 42 performs
the regression analysis on all the attenuation-corrected fre-
quency spectra to extract the features of the frequency spec-
tra. Specifically, the feature extraction unit 42 calculates the
slope a, the intercept b, and the intensity ¢ at the center
frequency f; ,,,, in the primary expression by the regression
analysis. The line L, indicated in FIG. 17 is a regression line
(intercept b,) acquired by performing the feature extraction
processing on the frequency spectrum curve C.

[0142] Also with the correction method, the operator can
more accurately grasp the tissue characteristics of the speci-
men expressed in the frequency feature image.

Second Embodiment

[0143] A second embodiment according to the present
invention will be described below.

[0144] Various well-known analysis methods can be
applied to the feature analysis made in step S21 or S29 indi-
cated in FIG. 4 in addition to the frequency analysis. There
will be described in the second embodiment a case in which
the contrast analysis is applied for an ultrasonic echo acquired
in the contrast harmonic echo (CHE) method.

[0145] The CHE method is a technique in which a contrast
agent such as microbubbles is introduced into the body of a
patient, and a harmonic signal generated by irradiating the
contrast agent with an ultrasonic wave is extracted and made
into an image to acquire bloodstream information. Refer to
Japanese Laid-open Patent Publication No. 2010-259672 for
the details of the CHE method, for example.

[0146] In order to perform the CHE method, the computa-
tion unit 4 performs the contrast analysis on acoustic ray data
output from the transmitting and receiving unit 3 in step S21
or 329 indicated in FIG. 4. More specifically, two ultrasonic
signals, which are offset from each other in phase by 180°, are
successively transmitted from the ultrasound probe 2 and the
ultrasonic echoes thereof are received, respectively, thereby
to generate acoustic ray data, and the computation unit 4 adds
the acoustic ray data to generate a signal with the offset
fundamental wave component and the emphasized second-
order harmonic component.
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[0147] Alternatively, two ultrasonic signals with the same
phase and the amplitudes of 1:n are successively transmitted
from the ultrasound probe 2 and the ultrasonic echoes thereof
are received, respectively, thereby to generate acoustic ray
data, and the computation unit 4 multiplies either item of
acoustic ray data by n and subtracts the n-times acoustic ray
data from the other acoustic ray data to generate a signal with
the offset fundamental wave component and the emphasized
second-order harmonic component.

[0148] Alternatively, an ultrasonic signal is transmitted
from the ultrasound probe 2 once and the ultrasonic echo
thereof is received to generate acoustic ray data, and the
computation unit 4 may perform high-pass filter processing
on the acoustic ray data to extract the harmonic component.

[0149] Further, in this case, the computation unit 4 per-
forms an envelope detection processing on the harmonic-
component signal and extracts an amplitude of the envelope
as the feature in step S22 or S30.

[0150] In this case, the feature image data generation unit
52 uniformly allocates the feature (the amplitude of the enve-
lope) extracted by the computation unit 4 to R(red), G(green)
and B(blue) of each pixel in the region of interest ROI set for
the B-mode image in step S23 or S31, thereby generating
CHE image data.

Third Embodiment

[0151] A third embodiment according to the present inven-
tion will be described below.

[0152] The elastic analysis may be made on an ultrasonic
echo acquired by the ultrasonic elastography method for the
feature analysis made in steps S21 and S29 indicated in FIG.
4. The ultrasonic elastography method is called tissue elastic
imaging, and is a technique in which an ultrasound probe is
contacted and pressed on the body surface of a patient and a
distribution of displacements (distortions) of a body tissue
caused when the body tissue is pressed is expressed in an
image thereby to visualize hardness of the body tissue. As a
body tissue is harder, its deformation is more difficultto cause
and its displacement is smaller, and as a body tissue is more
flexible, its displacement is larger. Refer to Japanese Laid-
open Patent Publication No. 2007-105400 publication for the
details of the ultrasonic elastography method, for example.
[0153] When the ultrasonic elastography method is per-
formed, the computation unit 4 performs the elastic analysis
on the acoustic ray data output from the transmitting and
receiving unit 3 in step S21 or S29 indicated in FI1G. 4. More
specifically, the computation unit 4 accumulates the acoustic
ray data output from the transmitting and receiving unit 3 per
frame and performs the 1D or 2D correlation processing on
the latest frame data (acoustic ray data for one frame) and
frame data predetermined time before the latest frame data to
measure a displacement or motion vector (direction and mag-
nitude of displacement) at each point on a cross-sectional
image.

[0154] Inthiscase, instep S22 or S30, the computation unit
4 extracts a magnitude of displacement or motion vector at
each point on the cross-sectional image as the feature (the
distortion amount).

[0155] In this case, in step S23 or S31, the feature image
data generation unit 52 performs the image processing such
as the smoothing processing in a coordinate space, the con-
trast optimization processing, or the smoothing processing in
an inter-frame temporal axis direction on the distortion
amount at each point on the cross-sectional image extracted
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by the computation unit 4. Then, a pixel value (luminance)
depending on the distortion amount after the image process-
ing is uniformly allocated to R(red), G(green), and B(blue) of
each pixel in the region of interest ROI set for the B-mode
image, thereby generating gray scale elastic image data. Spe-
cifically, as the distortion amount is larger, the luminance is
set to be higher. Alternatively, a pixel value allocated to each
color is changed depending on the distortion amount to gen-
erate color elastic image data. Specifically, the allocation
amount of R(red) is larger for a pixel with the larger distortion
amount, and the allocation amount of B(blue) is larger for a
pixel with the smaller distortion amount.

[0156] According to some embodiments, when a plurality
of data sets stored in the storage unit are searched based on the
relative position information of the ultrasound probe relative
to a patient and a data set meeting the predetermined condi-
tion is selected, one of the latest feature extracted by the
computation unit and the feature included in the selected data
set is re-extracted by use of the parameters used for extracting
the other of the features, and thus both of the features can be
compared with each other and a user can directly grasp a
temporal change in a site under observation.

[0157] The first to third embodiments according to the
present invention, and the modifications have been described
above, but the present invention is not limited to the first to
third embodiments and the modifications, and various inven-
tions can be formed by combining a plurality of components
disclosed in each embodiment or modification as needed. For
example, some components may be excluded from all the
components demonstrated in each embodiment or modifica-
tion for formation, or components demonstrated in different
embodiments or modifications may be combined as needed
for formation.

[0158] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasonic observation apparatus comprising:

an ultrasound probe configured to transmit an ultrasonic
wave toward a specimen under examination and to
receive the ultrasonic wave reflected from the specimen
under examination;

a computation unit configured to extract a feature of the
specimen under examination based on the received
ultrasonic wave;

a storage unit configured to store a plurality of pieces of
examination data in which a data set including the fea-
ture extracted by the computation unit and a parameter
used for extracting the feature associates with identifi-
cation information for identifying the specimen;

a data selection unit configured to select examination data
meeting a predetermined condition among the plurality
of pieces of examination data in an examination carried
out in the past for a specimen whose identification infor-
mation is identical to that of the specimen under exami-
nation; and

an execution control unit configured to cause the compu-
tation unit to re-extract one of the feature included in the
examination data selected by the data selection unit and
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the feature extracted by the computation unit for the
specimen under examination, by use of the parameter
used for extracting the other of the features.
2. The ultrasonic observation apparatus according to claim
1, further comprising:
an image processing unit configured to generate image data
based on the received ultrasonic wave; and
a position information acquisition unit configured to
acquire relative position information indicating a rela-
tive position of the ultrasound probe relative to the speci-
men under examination, wherein
the data set further includes: position information on an
observation point; the feature extracted by the compu-
tation unit for the observation point; the image data
generated by the image processing unit for the observa-
tion point; and a parameter used for generating the
image data, and
the data selection unit is configured to search the plurality
of pieces of examination data based on the relative posi-
tion information acquired by the position information
acquisition unit, and to select the examination data meet-
ing the predetermined condition.
3. The ultrasonic observation apparatus according to claim
2, wherein the predetermined condition indicates that a posi-
tion of the observation point presented by the position infor-
mation included in the data set is closest to the relative posi-
tion of the ultrasound probe relative to the specimen under
examination and within a predetermined range of the relative
position.
4. The ultrasonic observation apparatus according to claim
1, further comprising a notification unit configured to, when
the data selection unit selects the examination data meeting
the predetermined condition, give notice that the examination
data is selected.
5. The ultrasonic observation apparatus according to claim
4, wherein the notification unit is a display unit configured to
display on a screen an image based on the image data included
in the examination data selected by the data selection unit.
6. The ultrasonic observation apparatus according to claim
4, wherein the notification unit is configured to give notice
that the examination data is selected, by voice, notification
sound or text display.
7. The ultrasonic observation apparatus according to claim
4, further comprising an input unit configured to input a signal
depending on an operation from outside into the execution
control unit, wherein
the execution control unit is configured to cause the com-
putation unit to start re-extracting the one of the features
depending on a predetermined signal input from the
input unit after giving notice that the examination data is
selected.
8. The ultrasonic observation apparatus according to claim
1, wherein the execution control unit is configured to cause
the computation unit to start re-extracting the one of the
features when the data selection unit selects the examination
data meeting the predetermined condition.
9. The ultrasonic observation apparatus according to claim
2, wherein
the image processing unit is configured to generate feature
image data based on the feature, wherein
when the one of the features is re-extracted, the image
processing unit is configured to generate feature image
data based on the one of the features re-extracted, by use
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of the parameter used for generating feature image data

based on the other of the features.

10. The ultrasonic observation apparatus according to
claim 9, wherein the image processing unit is configured to
further generate differential image data indicating a differ-
ence between first feature image data generated based on the
oneofthe features re-extracted and second feature image data
generated based on the other of the features.

11. The ultrasonic observation apparatus according to
claim 10, wherein

the image processing unit is configured to generate

B-mode image data based on the received ultrasonic

wave, wherein

when the differential image data is generated, the image

processing unit is configured to further generate com-

bined image data in which the differential image data
and the B-mode image data are combined.

12. The ultrasonic observation apparatus according to
claim 11, wherein the image processing unit is configured to
further generate display image data indicating a screen
including: at least one of a B-mode image based on the
B-mode image data and a feature image based on the feature
image data; and a combined image based on the combined
image data.

13. The ultrasonic observation apparatus according to
claim 2, wherein when the one of the features is re-extracted,
the image processing unit is configured to further generate
image data indicating a graph or table of a comparison
between the one of the features re-extracted and the other of
the features.

14. The ultrasonic observation apparatus according to
claim 2, wherein

the position information acquisition unit comprises:

a probe position information acquisition unit configured
to acquire position information indicating a position
of the ultrasound probe;

a patient position information acquisition unit config-
ured to acquire position information indicating a posi-
tion of the specimen under examination; and

a position information calculation unit configured to
calculate a relative position coordinate of the ultra-
sound probe relative to the specimen under examina-
tion, based on the position information of the ultra-
sound probe and the position information of the
specimen under examination.

15. The ultrasonic observation apparatus according to
claim 14, wherein

the probe position information acquisition unit comprises:

a first marker provided on the ultrasound probe; and

a sensor unit configured to detect the first marker and to
output a detection signal, and

the patient position information acquisition unit com-

prises:

a second marker configured to be mounted on a body
surface of the specimen under examination; and

an optical camera configured to image the second
marker to generate an image.

16. The ultrasonic observation apparatus according to
claim 1, wherein the computation unit is configured to per-
form a frequency spectrum analysis on the received ultrasonic
wave to calculate a frequency spectrum, and to extract the
feature by use of a result of an approximation processing for
the frequency spectrum.
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17. The ultrasonic observation apparatus according to
claim 1, wherein the computation unit is configured to extract
a harmonic signal from the received ultrasonic wave, and to
extract an amplitude of an envelope of the harmonic signal as
the feature.

18. The ultrasonic observation apparatus according to
claim 1, wherein the computation unit is configured to mea-
sure a distortion amount in the specimen based on the
received ultrasonic wave, and to extract the distortion amount
as the feature.

19. A method for operating an ultrasonic observation appa-
ratus for transmitting an ultrasonic wave toward a specimen
under examination and receiving the ultrasonic wave
reflected from the specimen under examination by an ultra-
sound probe to generate an image based on the received
ultrasonic wave, the method comprising:

a computation step of extracting, by a computation unit, a
feature of the specimen under examination based on the
received ultrasonic wave;

a data selection step of selecting, by a data selection unit,
examination data meeting a predetermined condition
among a plurality of pieces of examination data in an
examination carried out in the past fora specimen whose
identification information is identical to that of the
specimen under examination, the plurality of pieces of
examination data indicating that a data set including the
feature extracted by the computation unit and a param-
eter used for extracting the feature associates with the
identification information for identifying the specimen;
and

an execution control step of causing, by an execution con-
trol unit, the computation unit to re-extract one of the
feature included in the examination data selected in the
data selection step and the feature extracted in the com-
putation step for the specimen under examination, by
use of the parameter used for extracting the other of the
features.

20. A non-transitory computer readable recording medium
with an executable program stored thereon, the program
instructing an ultrasonic observation apparatus for transmit-
ting an ultrasonic wave toward a specimen under examination
and receiving the ultrasonic wave reflected from the specimen
under examination by an ultrasound probe to generate an
image based on the received ultrasonic wave, to execute:

a computation step of extracting, by a computation unit, a
feature of the specimen under examination based on the
received ultrasonic wave;

a data selection step of selecting, by a data selection unit,
examination data meeting a predetermined condition
among a plurality of pieces of examination data in an
examination carried out in the past fora specimen whose
identification information is identical to that of the
specimen under examination, the plurality of pieces of
examination data indicating that a data set including the
feature extracted by the computation unit and a param-
eter used for extracting the feature associates with the
identification information for identifying the specimen;
and

an execution control step of causing, by an execution con-
trol unit, the computation unit to re-extract one of the
feature included in the examination data selected in the
data selection step and the feature extracted in the com-
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putation step for the specimen under examination, by
use of the parameter used for extracting the other of the
features.
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